In this research, the application of on-line simulation for patient scheduling decision support in a clinical environment is investigated. A prototype system was designed and constructed to demonstrate the concepts and to address various problems to be faced in implementation of the system.
INTRODUCTION
Delivering quality health care at a reasonable cost and in a timely manner has become a fimdamental issue that must be addressed by all health care enterprises.
Coordinating the administrative aspects of patient care delivery, however, is consuming more staff time and The inefficient use of patient care professional time is mainly caused by complex issues concerning allocation over time of limited and highly interdependent resources, and uncertainty surrounding the prospect of treatment.
Response to the dynamic allocation of resources above can be categorized as scheduling problem (Roberts 1981, Crowstone and Malone 1993) .
With an anticipated growth of outpatient service demand, the severity of these scheduling issues are expected to escalate.
A Mobs-micrographic controlled surgery for skin cancer treatment facility at University of Washington was selected as a case study for investigation of scheduling issues in health care organizations.
The current approach to patient management is based on long-range calendar planning between patient and medical resources.
However, because the real-time activities involved in coordinating health care delivery are subject to a great deal of variance and unexpected change, there is a need to study the dynamic behavior of the system and be able to prepare for the consequences of the changes to the patient treatment schedule.
In the research reported here, we examine a simulation modeling approach for scheduling patients in medical clinics. Traditional use of simulation to study the behavior of the system and address off-line decision making has been performed (Roberts, 1981 and Pardue, 1995) . However, long-range scheduling developed off-line is static and will quickly lose its validity in a rapidly changing situation. Recently there has been an increasing interest in the development and use of simulation for real-time and continuous analysis in area of manufacturing, (Drake, Smith, Peters 1995 and Harmonosky 1990 A patient blocking situation may occur when the doctor has finished performing an excision, yet the histologist is still working on the previous patient's tissue.
The number of sections to be removed are estimated during patient evaluation and subsequently used as the basis for scheduling time needed for the patient's surgery. Reconstructions usually are performed within two days after surgery and carried out in the operating room which is shared with other outpatient clinics. Currently, the activities in reconstiction including the interdependent scheduling for Mobs Surgery are not included in this study.
Scheduling Issues
For Mobs surgery, scheduling of patients is performed by a Patient Care Coordinator (PCC). Negotiation occurs in scheduling both the patient and the medical resources. To determine a schedule for surgery, the PCC has to estimate the processing time of the tasks, the time the patient has to arrive to the clinic and the availability of the medical resources.
The PCC also has to estimate the maximum time needed for the predicted number of sections to be removed for every patient. The maximum duration for all patients in a day contributes to the total completion time which should fit within the Mobs Treatment clinic hours of operation. Fitting this estimated duration of tasks to the hours of the operation is heavily dependent on the experience of the PCC. A delay in processing of one patient beyond the estimated time will cause delay in treatments for successor patients; hence, increasing the completion time and so the lateness of the Mobs surgery operation hours.
In more severe cases, a delay in Mobs surgery could postpone the schedule for subsequent reconstruction treatment.
Reconstructive surgery is dictated by the availability of the resources which must be coordinated with Mobs surgery patients.
Complexities increase for patients with two contiguous days of surgery (in the case of malignant melanoma and reconstruction); any delay can cause the whole system to become congested. To avoid these circumstances, PCCS 
Prototype Implementation
In the construction of the prototype, Visual Basic, ACCESS and ARENA were used for the user interface system, the database management system and the simulation engine respectively. Visual Basic was chosen as the interface software due to its ease of programming and its capability to communicate directly with ACCESS databases. ARENA, a general purpose discrete-event simulation environment, provided a flexible modeling facility.
The model include a loading module to transfer data from the database to ARBNA V1 .28 and vice versa. This is performed through ASCII code conversion, The data from ACCESS is assigned to the specific variables at the beginning of a simulation experiment. The user interface provide a single point of contact for system control and analysis. 
Initial Results
To gain insight on the usefulness of the simulationbased scheduling concept, a comparison between two parameter sets was developed. The first used patient arrival time data obtained from clinic observation and data collection efforts. The second was conducted with arrival time set as the earliest time of the day policy. Each scheduled five patients. Both were subject to the same resource constraints and the estimated number of sections to be removed for each patient.
The output shows that the same results on total completion time are obtained from both parameter sets.
However, the patients in the second setting (as expected) experienced longer queue delays. A logical explanation of this is that the fifth patient in the second setting arrives at 8:00 A.M. in the morning and waited for the other patients to be processed. Hence, a longer waiting time was experienced, This also shows that the data obtained from the PCC for the fwst setting are quality judgment based on PCC experience in the scheduling area. 
